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摘要: 采用传统固相烧结法成功制备出磷灰石结构材料Ca8LnNa(PO4)6F2(Ln=La, Nd和Sm)，并通过
常规X射线衍射 (X-ray diffraction, XRD)进行表征确定三种样品都为单一相。在室温条件下用 800 keV
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X-ray diffraction, GIXRD)表征的Rigaku Ultima IV X




以Ca(H2PO4)2, CaF2, Ca(OH)2, Na2CO3, La2O3,
Sm2O3 和Nd2O3 为原料，将原料粉末在高温下加
热去除结晶水，完全冷却后将原料按照特定的摩








后将混合后的粉末压片，再放入 1 100 ℃的烧结炉中烧
结 24 h。初次烧结完成后，将样品取出再次球磨 5 h，




















扫描步长为 0.02◦，每步停留时间为 2 s。
3 实验结果与讨论
3.1 常规XRD表征










说Ca8LaNa(PO4)6F2 的特征峰 (211)和 (300)等位置
会偏移得最多，其次是Ca8NdNa(PO4)6F2，这也与实
验结果是一致的。
图 1 (在线彩图)Ca8LnNa(PO4)6F2(Ln=La, Nd和Sm)
的常规XRD谱图
3.2 样品的 SRIM模拟结果
图 2 是Ca8LaNa(PO4)6F2 样品在室温下用 800





图 2 (在线彩图)Ca8LaNa(PO4)6F2 800 keV Kr
2+辐
照的 SRIM模拟图
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per atom)；离子浓度随深度的变化情况也大致相
似，最开始离子浓度随着深度的增加也增大，在深































































图 3 (在线彩图) 不同入射角下辐照样品Ca8LaNa
(PO4)6F2的GIXRD谱图
图 4 是 800 keV Kr2+ 辐照三种样品到不同剂
量下得到的GIXRD 谱图。三种样品的辐照剂量















照剂量到 3.0×1014 cm−2的掠入射衍射谱在 20◦∼30◦之
间有一个明显的鼓包，这正是非晶相的漫射峰。且随着
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有两种位置，即配位数为 9 的Ca(1) 和配位数为 7




















































(PO4)6F2(Ln=La, Nd和Sm)，并在室温下用 800 keV
Kr2+ 辐照三种样品到不同的剂量，来研究阳离子
半径变化对磷灰石材料整体抗辐照非晶性能的影
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Amorphization of Ca8LnNa(PO4)6F2(Ln=La, Nd and Sm)
Apatite Ceramics Induced by Kr Ion Irradiation
YE Cheng, ZHANG Jian†, FU Shangchao, ZHU Ruihua, WU Caiyu
(College of Energe, Xiamen University, Xiamen 361102, Fujian, China )
Abstract: The apatite structure material Ca8LnNa(PO4)6F2(Ln=La, Nd and Sm) were successfully synthe-
sized by the solid state reaction method, and the single phase was confirmed by normal X-ray diffraction(XRD).
Three kinds of samples were irradiated with 800 keV Kr2+ at room temperature, then the irradiated samples were
characterized by grazing incidence X-ray diffraction(GIXRD) to identify the structures of irradiation layer. Crys-
talline to amorphization phase transition was observed in these three kinds of samples within the irradiation dose
(1.0×1014∼7.0×1014 cm−2). However, the abilities to resist amorphization of the three samples are different, the re-
lationship of the ability to resist amorphization is Ca8LaNa(PO4)6F2> Ca8NdNa(PO4)6F2> Ca8SmNa(PO4)6F2.
The ion radius of the lanthanide nuclides in Ca8LnNa(PO4)6F2 are more smaller, more lanthanide nuclides will
occupy the Ca(2) positions and form ionic bonds with F. Meanwhile, the ionic bonding between lanthanide nu-
clides and Ca are weaker than Ca-F. Therefore, the ion radius of the lanthanide nuclides are more smaller, the
more point defects will remain under irradiation, and the crystalline to amorphous phase transition is more likely
to occur.
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